Introduction {#sec1-1}
============

Dengue virus infection (DVI) causes serious morbidity and mortality in many tropical and sub-tropical countries where DVI undergoes two main pathophysiological changes: an increase in vascular permeability capable of causing hemoconcentration, and a hemostatic disorder that include vasculopathy, coagulopathy, and thrombocytopenia. ^[@ref1],[@ref2]^ Thrombocytopenia is mainly associated with hemorrhagic manifestations and severity of DVI. Thrombocytopenia in DVI may constitute an effect of decreasing megakaryopoiesis. The decrease may be caused by DVI direct infection of hematopoietic progenitor cells, the release of cytokines inhibiting hematopoiesis, the effects of platelet destruction due to the inflammatory process and the result of platelet aggregation in blood vessels.^[@ref3]^ Currently, there is no specific treatment for DVI so that the management remains more supportive and symptomatic in nature.

Several traditional medicines have been developed among communities as part of the efforts to improve thrombocytopenia in patients with DVI. Among those efforts is the administration of Monascus jmbA rice (MJR), which is rice fermented with *Monascus purpureus.* The administration of MJR is believed to increase the platelet count in patients with DVI. Research in the Laboratory of Microorganism Biosystematic and Genetics, Research Center for Biology of Indonesian Scientific Knowledge Agency (LIPI), Bogor, showed that mice treated MJR indicated a significant increase in platelet count. Additionally, in the course of the study, those mice remained active and no significant change in conditions was observed.^[@ref4]^ Another study showed that patients with DHF who received the extract of guava leaves and *Monascus purpureus* demonstrated a significant increase in platelet count compared with the control group.^[@ref5]^ To date, however, the quick normal platelet count in patients with DVI who receive MJR therapy remains unclear.

Increased platelet count with the administration of MJR is thought to be through the pathway of increased thrombopoiesis, backed by the anti-inflammatory effects of its metabolites, monacolin K, ankaflavin and monascin*.* Monacolin Kwith its similar structure as lovastatin has statin-like effects thought to be capable of affecting the activity of macrophages.^[@ref6]^ Increased thrombopoiesis process requires the stem-cell factor produced by activated monocytes or macrophages. Statins are capable of affecting gene expression and function of cells of the natural or acquired immune systems, such as macrophages, dendritic cells, and T cells. Most of these effects are related to the blockade of statins in GTPase isoprenylation. Additionally, statins have an inhibitory effect on platelet aggregation induced by adenosine diphosphate (ADP) and on thromboxane B2 synthesis.^[@ref7]^

DVI development in animal models is essential to understanding viral pathogenesis and identifying therapeutic targets. DVI tested on a group of non-human primates indicated the capability of sustaining replication of the virus and developing strong immune responses, preventing clinical manifestations. DVI clinical manifestations and severity of the disease vary greatly depending on various factors, including host characteristics, the virulence of the virus, cell tropism, and immune responses.^[@ref8]^

Virus strains contribute to the increased risk of incidence of DHF. DEN-2 is the most potent, followed by DEN-3, DEN-4 and DEN-1. Serotypes DEN-2 and DEN-3 are generally associated with clinical manifestations of severe DHF, while DEN-4 is rare and generally associated with mild DHF.^[@ref11]^

The present study was conducted on Wistar rats on the grounds that they constituted an appropriate model to study the effects of DVI and the administration of MJR. In addition, Wistar rats have been considered the standard model of experimental animals to examine the activity of several mediators and peripheral blood cells, especially platelet counts with regard to both DVI and the administration of MJR.^[@ref4],[@ref10]^

In addition to demonstrating the mechanism of increased thrombopoiesis through providing MJR, the purpose of the present study was to elucidate the mechanism of the effects of MJR on increased platelets in Wistar rats infected with dengue virus serotype 3 through changes in *stem-cell factors* (IL-3, IL-6, IL -11 and TNF-α) produced by activated monocytes or macrophages.

Materials and Methods {#sec1-2}
=====================

The present study was a true experimental laboratory study conducted using the randomized post-test only control group design*.* It compared groups of Wistar rats treated with only DVI, Wistar rats treated with DVI followed by the administration of MJR as well as untreated Wistar rats serving as the control group.

The experimental unit used in the study was the white rats *(Rattus norvegicus)* of Wistar strain obtained from the Biochemistry Laboratory of Laboratory Animal Unit of Airlangga University Faculty of Medicine. Three-month-old male Wistar rats weighing 200-300 grams with the healthy condition were selected randomly. Characteristics of healthy rats are shiny fur, shining eyes, and agile movements. Wistar rats whose health conditions did not like those characteristics were excluded from the study.

The dropout criterion for Wistar rats in the study was confirmed by consulting the veterinarian who agreed that the animals had no physical injury or illness that could lead to death not linked to the study in the period after the initiation of the study.

The selected Wistar rats were subsequently placed in cages in appropriate environmental conditions in order for helping Wistar rat adaptation and clinically evaluated for 7x24 hours.

A minimum of nine (rounded) Wistar rats for each group was required so that the minimum total sample size was 27 rats. In anticipation of dead mice during the study, the number of rats for treatment groups 2 and 3 was increased to 12 rats, while the number of rats for group 1 or control group was reduced to 5 rats as recommended by the research ethics committee; thus, the total sample used in the study amounted to 29 rats.

The study consisted of several stages. Wistar rats meeting the inclusion criteria were placed in animal cages and allowed to adapt to the environment for 1 week and were clinically evaluated. The study subjects meeting the exclusion criteria were excluded from the sample. The successfully adapted study subjects were subsequently assigned randomly to treatment groups. The treatment groups in the study were divided into three group, control group with no DVI treatment or administration of MJR, group treated with DVI 3 serotype (DENV 3) alone and observed for 1 week, and group treated with DVI 3 serotype (DENV 3) followed by administration of MJR for 1 week.

The study subjects from Group 1 were sacrificed on day 1 while those from Groups 2 and 3 were killed on day 8 for collection of peripheral blood specimens and evaluation by measuring platelet count and the levels of IL-3, IL-6, IL-11 and TNF-α.

Procedures for injection of Dengue virus serotype 3 (DEN 3) {#sec2-1}
-----------------------------------------------------------

Wistar rats of the same group were taken from their cage. Dengue virus infections were achieved by injecting Dengue virus serotype 3 (DEN 3) to Wistar rats. Dengue virus serotype 3 (DEN 3) at a dose of 10^5^ pfu/mL was subcutaneously injected under the central hind limb skin with a total volume of 0.2 ml divided equally for the right and left legs.^8.10^

Procedures for feeding Monascus jmbA rice {#sec2-2}
-----------------------------------------

MJR was prepared in the form of powder. It was dissolved in distilled water, stirred and filtered and then fed to each of Wistar rats with a maximum feeding volume of 1 mL per animal orally daily for 7 days using a nasogastric tube. The recommended dose of MJR was 0.5 g/animal/day.^[@ref4]^

Procedures for killing and peripheral blood sampling {#sec2-3}
----------------------------------------------------

On days 1 and 8, the blood of Wistar rats was sampled under anesthesia by intramuscular injection of a mixture of ketamine (100 mg/kg) and xylazine (10 mg/kg BW) to the thigh muscles. After perfectly anesthetized, Wistar rats were placed in a supine position on the dissection board. Subsequently, the chest cavity of the animals was dissected for blood drainage of the right heart using a 23G-needle syringe. An approximately 5 mL of blood was collected and immediately sent to Prodia Clinical Laboratory where the first 1 mL was put into a vial containing EDTA anticoagulant for platelet examination. The remaining 4 mL was put into a vial without anticoagulant for centrifugation in order to obtain serum to be stored for further examination by ELISA.^[@ref14]^

![Comparison of mean decrease in serum TNF-α between rats treated with Dengue virus infection (DVI) and Monascus jmbA rice and rats treated treated with DVI only.](idr-12-s1-8720-g001){#fig001}

![Path Analysis.](idr-12-s1-8720-g002){#fig002}

Results {#sec1-3}
=======

There was no drop out in the course of the study.

The mean increase in platelet count for the group treated with DVI and MJR was higher than the group treated with only DVI and a significant difference was found at P\<0.05. ([Table 1](#table001){ref-type="table"})

The mean increase in the levels of TNF- α for the group treated with DVI and MJR was lower than the group treated with DVI only and a significant difference was found at P\<0.05 (Table 2; [Figure 1](#fig001){ref-type="fig"}).

The causal relationship between MJR and the levels of TNF-α had a significance level of 0.042 (P\<0.05), meaning that affects the levels of TNF-α. Similarly, the causal relationship between TNF-α and the levels of IL-6, (P=0.044\<0.05), the causal relationship between TNF-α and the levels of IL-11 (P*=*0.029\<0.05), the causal relationship between IL-6 and platelet count (P=0.041\<0.05) are significant. A positive constant value (B) indicates the positive effect of the independent variable, this means that the higher the levels of TNF-α, the higher the levels of IL-6 and IL-11. Similarly, the higher the levels of IL-6, the higher platelet count resulted to be.

The mechanism path of the effects of MJR on increased platelets in Wistar rats infected with Dengue virus serotype 3 initiated with feeding MJR led to stimulation of TNF-α, causing an increase in IL-6 and subsequently capable of increasing platelet count ([Figure 2](#fig002){ref-type="fig"}).

Analysis of the most dominant factor with regard to increasing platelets after administration of MJR in DVI can be seen in [Table 4](#table004){ref-type="table"}.

[Table 4](#table004){ref-type="table"} shows that the most dominant variable with regard to increased platelets after administration of MJR in Dengue virus infection was TNF-α with the largest standardized coefficient (B) of 19.738.

Discussion {#sec1-4}
==========

Effects of Monascus jmbA rice on increased platelets in Dengue Virus Infection {#sec2-4}
------------------------------------------------------------------------------

The mean increase in platelet count for the group treated with DVI and MJR was higher than for the group treated with only DVI and a significant difference was found at P\<0.05 ([Table 2](#table002){ref-type="table"}); thus, this study demonstrated that administration of MJR had an effect on increasing platelet count in Wistar rats infected with Dengue virus serotype 3. Previous studies also showed that rats were treated with MJR showed a significant increase in platelet count.^[@ref4],[@ref5]^

Effects of Monascus jmbA rice on Effects of Monascus jmbA rice on increased platelets through changes in the levels of IL-3 in Dengue Virus Infection {#sec2-5}
-----------------------------------------------------------------------------------------------------------------------------------------------------

The mean increase in the levels of IL-3 for the group treated with DVI and *MJR* was lower than for the group treated with only DVI but significant difference was not found at P\> 0.05; thus, this study did not demonstrate that administration of MJR had an effect on increased platelet count through changes in the levels of IL-3 in Wistar rats infected with Dengue virus serotype 3.

Effects of Monascus jmbA rice on increased platelets through changes in the levels of IL-6 in Dengue Virus Infection {#sec2-6}
--------------------------------------------------------------------------------------------------------------------

The mean increase in the levels of IL-6 for the group treated with DVI and MJR was lower than for the group treated with only DVI but a significant difference was not found at P\> 0.05; this study did not demonstrated that administration of MJR had an effect on increased platelet count through changes in the levels of IL-6 in Wistar rats infected with Dengue virus serotype 3.

###### 

Mean and standard deviation of platelet count in groups 1 and 3 rat blood plasma.

  Group           Platelet count (103/mL)   F         P       
  --------------- ------------------------- --------- ------- ---------------------------------------
  1 (control)     847.000                   74.000    5.494   0.017[\*](#tfn1){ref-type="table-fn"}
  3 (DVI + MJR)   1054.917                  189.409           

SD = Standard Deviation

\*P\<0.05 significantly different (ANOVA).

###### 

Mean and standard deviation of levels of TNF-α in groups 1 and 3 rat blood plasma.

  Group           Level of TNF-α (pg/mL)   F       P       
  --------------- ------------------------ ------- ------- ---------------------------------------
  1 (control)     10.014                   1.449   4.963   0.042[\*](#tfn2){ref-type="table-fn"}
  3 (DVI + MJR)   8.088                    1.684           

SD = Standard Deviation

\*P\<0.05 significantly different (ANOVA).

###### 

Regression analysis (causal relationships) among study variables.

  No.   Variables   Dependent variables   Unstandardized coefficients (B)   P-value
  ----- ----------- --------------------- --------------------------------- ----------------------------------------
  1     MJR         TNF-α                 --1.927                           0.042 [\*](#tfn3){ref-type="table-fn"}
  2     MJR         IL-3                  0.042                             0.415
  3     TNF-α       IL-6                  2.932                             0.044 [\*](#tfn3){ref-type="table-fn"}
  4     TNF-α       IL-11                 3.175                             0.029 [\*](#tfn3){ref-type="table-fn"}
  5     IL-3        platelets             331.199                           0.264
  6     IL-6        platelets             6.732                             0.041 [\*](#tfn3){ref-type="table-fn"}
  7     IL-11       platelets             2.327                             0.266

\*Significantly different at P\<0.05.

###### 

Regression analysis (causal relationship) among the study variables with regard to increased platelet.

  Dependent variable   Independent variables   Unstandardized coefficients (B)
  -------------------- ----------------------- ---------------------------------
  Platelets            TNF-α                   2.932 x 6.732 = 19.738
                       IL-6                    6.732

Effects of Monascus jmbA rice on increased platelets through changes in the levels of IL-11 in Dengue Virus Infection {#sec2-7}
---------------------------------------------------------------------------------------------------------------------

The mean decrease in the levels of IL- 11 for the group treated with DVI and MJR was higher than for the group treated with only DVIs but a significant difference was not found at P\>0.05; thus, this study did not demonstrated that administration of MJR had an effect on increased platelet count through changes in the levels of IL-11 in Wistar rats infected with Dengue virus serotype 3.

Effects of Monascus jmbA rice on increased platelets through changes in the levels of TNF-α in Dengue Virus Infection {#sec2-8}
---------------------------------------------------------------------------------------------------------------------

The mean increase in the levels of TNF- α for the group treated with DVI and MJR was lower than that in the group treated with only DVI and a significant difference was found at P\<0.05 ([Table 3](#table003){ref-type="table"}); thus, this study demonstrated that administration of MJR had an effect on increased platelet count through changes in the levels of TNF- α in Wistar rats infected with Dengue virus serotype 3.

In addition to containing monacolin K, MJR also contains dimerumic acid (an antioxidant), as well as metabolites ankavlafin and monascin which have an anti-inflammatory effect.^[@ref6],[@ref17]^ The other study showed that the metabolites of *Monascus purpureus* rice, monacolin K, ankaflavin and monascin, are capable of reducing adhesion molecules produced by cytokine TNF-α and reducing the intracellular formation of reactive oxygen species (ROS).^[@ref5]^

Monacolin K or lovastatin are a class of statins or HMG Co-A Reductase inhibitors that, in addition to a cholesterol-lowering effect, have also anti-inflammatory effects. Statins may affect gene expression and function of cells of the natural and acquired immune systems, such as macrophages, dendritic cells, and T cells. Most of these effects are related to the blockade of statins in GTPaseisoprenylation.^[@ref18]^

Statins can also cause a decrease in the expression of intercellular adhesion molecules in macrophages and macrophage and monocyte secretion of IL-6 and TNF-α. Activated macrophages will secrete IL-6 from fibroblasts through stimulation of TNF-α and subsequently IL-6 will increase the production of thrombopoietin, which in turn will increase the platelet count.^[@ref19]^

The present study showed the mechanism of the effects of MJR on increased platelets through the role of TNF-α and IL- 6 in Wistar rats infected with Dengue virus serotype 3. The most dominant factor with regard to increased platelet count after administration of Monascus jmbA rice in infection of Dengue virus serotype 3 was TNF-α.

Therapeutic security {#sec2-9}
--------------------

The side effects of the use of MJR in laboratory rats investigated by the previous studies showed that those rats remain active and significant changes in conditions were not observed.^[@ref4]^ Additionally, the present study also found data similar to those of the previous studies, as all groups of Wistar rats were active and that there were no cases of dropout.

Conclusions {#sec1-5}
===========

In conclusion, Monascus jmbA rice was shown to increase platelet count through the role of TNF-α and IL-6 in Wistar rats infected with Dengue virus serotype 3. The most dominant factor with regard to increased platelet count after administration of *Monascus* jmbA rice in infection of DVI 3 was TNF-α. Infection of Dengue virus serotype 3 could affect changes in platelets, IL-3, IL-6, IL-11, and TNF-α in Wistar rats but those changes were not statistically significant.
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